Many studies infer that large size-at-age and/or fast growth rate confer a survival advantage to individual fish larvae by decreasing the time spent in the vulnerable larval stages. An implicit but generally unstated assumption is that one reason why some individuals grow faster than others is that they are better swimmers and, thus, more adept at catching prey and avoiding predators. Here we provide a direct test of the link between foraging success, length-at-age and growth history by examining the effect of size-at-age and growth rate (via otolith microstructure) on individual foraging success of radiated shanny (Ulvaria subbifurcata) larvae from coastal Newfoundland. Larvae that were large-at-age were more likely to have a larger volume of prey in their stomachs than were individuals that were small-at-age. Similarly, individuals with faster growth rates were also more likely to have more food in their stomachs than were those with slower growth rates, although this effect was both age-dependent and not as pronounced as the size-at-age effect. In terms of larval diets, because neither the mean nor the SD of prey-size in stomachs was correlated with length-atage, it appears that individuals that were large-at-age did not prey on either larger or more diverse prey sizes than did individuals that were small-at-age. Interestingly, however, the mean prey size in stomachs was positively correlated with growth rate, suggesting a possible role for acquired behaviour or experience in patterns of prey selection by radiated shanny larvae.
I N T RO D U C T I O N
The notion that fast growth conveys a significant survival advantage to individual larval fish is deeply ingrained in the fisheries oceanographic literature. Numerous empirical, modelling and field-based studies indicate that a faster growth rate serves to (i) decrease the time that an individual spends in the vulnerable larval stages, which is often referenced as the stageduration hypothesis (Anderson, 1988) , while simultaneously increasing that individual's ability to (ii) avoid predators and (iii) enhance prey capture, which both contribute to the "bigger is better" concept (Litvak and Leggett, 1992; Miller et al., 1992; Leggett and DeBlois, 1994) . Larval size is, in fact, a reflection that size-related, growth-related and stage-duration processes are simultaneously affecting the development (and possibly survival potential) of larval fish (Takasuka et al., 2004) . Given the broad acceptance that these paradigms have achieved (Meekan and Fortier, 1996; Hare and Cowen, 1997; Searcy and Sponaugle, 2001; Takasuka et al., 2004; Meekan et al., 2006) , large length-at-age and/or high individual growth rates (the latter generally based on measurements of otolith microstructure) have become widely accepted as proxies for estimating individual survival probabilities.
One of the main reasons why bigger is professed to be better is that individuals that are large-at-age are generally believed to be better swimmers, and therefore better foragers, than are individuals that are relatively small-at-age (Miller et al., 1992) . However, despite this implicit assumption, we are unaware of any study that has directly compared the distribution of either length-at-age or individual growth rates with individual foraging ability. In part, this stems from the fact that few (if any) studies have examined both otolith microstructure and gut contents from the same larvae (Dower et al., 2002) . This represents a significant gap in our knowledge, because the existence of such a correlation could constitute a key piece of evidence in support of the notion that faster growth rates confer a significant survival advantage.
The fact that larval fish ingest both more and larger prey as they grow suggests that larval gut contents can provide useful snapshots of individual foraging ability, insofar that feeding success has been shown to integrate both swimming ability and the ability to perceive and capture prey (Folkvord and Hunter, 1986; Blaxter and Fuiman, 1990; Browman and O'Brien, 1992; Munk, 1992) . Previous studies of increment deposition rates in larval otoliths clearly indicate that growth patterns are highly autocorrelated (Pepin et al., 2001; Tian et al., 2007) , suggesting that the ability or success of individuals should exhibit a degree of consistency across a range of metrics. Although the relationship between individual feeding success and growth histories is implicit, it has only been quantified under laboratory conditions, where encounter rates between larval fish and their prey are tightly controlled, and where larvae are usually only offered a single type and size of prey. When conditions change abruptly, there is evidence of decoupling between feeding and growth (Baumann et al., 2005) . The objective of this study is therefore to determine whether length-at-age and otolith-based growth rates correspond to increased foraging success as reflected by larval gut contents under natural field conditions.
M E T H O D S Field methods
Larval radiated shanny (Ulvaria subbifurcata) were collected during daylight hours from 21 to 29 July 2000 at two locations in Trinity Bay, Newfoundland (488 18.9 0 N, 538 16.3 0 W; 488 1.6 0 N, 538 33.4 0 W), using a 4 m 2 Tucker trawl with sections of 1000, 570 and 333 mm mesh. An oversized cod-end (20 cm diameter, 30 cm length) was used to minimize trauma sustained by the larvae during capture (Dower et al., , 2002 . The net was towed obliquely at a speed of 1 m s 21 between the surface and 40 m depth, as this layer typically contains more than 95% of the ichthyoplankton in coastal Newfoundland (Pepin et al., 1995) . This species was chosen because its larvae: (i) are numerically dominant in the summer ichthyoplankton community of coastal Newfoundland, (ii) are robust to handling and (iii) begin exogenous feeding almost immediately after hatching (Dower et al., , 2002 Pepin and Penney, 2000) . Once the net had been washed down on deck, larvae were immediately sorted from the sample using flexible forceps and transferred into 95% ethanol in individual 1.5 ml microcentrifuge tubes for later analysis.
Digital images of 197 larvae were captured and their total lengths measured to the nearest 0.1 mm using an optical imaging system (Scion Image w , Scion corp.). Larval guts were excised and the individual prey items in each gut were measured using a dissecting microscope equipped with an ocular micrometer. Because virtually all of the prey consisted of crustacean zooplankton, prosome length and width at the widest point of each individual prey item were measured to the nearest 0.01 mm. Empirical length -width relationships for the various prey types were then derived using a sub-sample of items collected from the guts. The resultant relationships were used to derive equivalent ellipsoid volumes (mm 3 ) for individual prey items in the larval guts . To examine ontogenetic shifts in diet, prey items were categorized as nauplii, copepodites, adult copepods or "others". The "others" category was excluded from subsequent analyses because the objective was to examine age-dependent effects on the consumption of specific prey items and because the "others" (a heterogeneous collection of fish and invertebrate eggs, plus unidentifiable fragments) accounted for ,5% of all prey ingested. Prey sizes consumed by individual larvae were characterized as the mean and SD of the log e -transformed prey width, following the approach of Pearre (1986) and Pepin and Penney (1997) . The SD in prey width provides a measure of niche breadth.
Sagittal otoliths were extracted from larvae from which gut content data had been obtained. Otoliths were embedded in epoxy resin, ground to near the sagittal plane with a series of graded silicon carbide papers (1000 and 1200 grits), before polishing with 0.3 mm diameter alumina powder (Lee and Kim, 2000) . The hatch mark in the sagittal otolith of U. subbifircata was previously defined, and the daily periodicity of increment deposition validated, by Fisher (2000) . Otoliths were measured under a Leica w DMLS compound microscope (Â1000) connected to a Nikon w Coolpix 995 digital camera (3.34 mega pixels). Individual increment widths were measured by marking the outer edge of each increment along the longest axis of the otolith. Increment numbers were read three times, and the width of each increment was measured on the first and second readings. If a consistent age estimate could not be achieved on at least two readings, the specimen was excluded from subsequent analyses. Increment widths were taken from the first reading for which there was agreement on estimated age. No specimens were excluded from our study. However, measurements of the last four increment widths were excluded from further analysis because of a high degree of measurement error. The increased error in these outermost increment readings likely resulted from either inconsistencies in polishing or difficulties in interpreting the transition between light and dark zones of each increment. Excluding these increment measurements did not alter the relationships described herein, although the uncertainty would have been greater had they been included.
Data analyses
Visual inspection of the otolith-based age data showed no time-dependent variation in age composition of the larvae (i.e. there was a wide distribution of ages represented among the larvae captured on each sampling day). Furthermore, prey concentrations at both sites were similar, ranging from 90 to 120 particles L 21 (Baumann et al., 2003; P. Pepin, unpublished results) . Thus, the larvae were pooled across sampling times for subsequent analyses.
The state of individual larvae was described based on four metrics: (i) their total length in relation to age, (ii) the width of increments in their otoliths, (iii) the number and volume of prey in their guts and (iv) the summary statistics of prey size. The first two are taken to represent gross (integrated) and detailed (historical) measures of individual growth patterns, and hence foraging success, while an individual's gut contents provide a measure of its immediate foraging success and behaviour.
We face a considerable challenge in addressing the relationship between integrated measures of growth and short-term measures of feeding success, however, because individual variation in all these metrics of condition generally increase as larvae age (Dower et al., 2002; Clemmensen et al., 2007) . This can lead to significant bias with traditional linear models because individual departures from the overall response will be age-dependent (Tian et al., 2007) . Thus, contrasting younger and older larvae becomes inappropriate unless the age-dependency in the variance is explicitly modelled as part of the analysis. Although this may still be feasible, the a priori information available on which to base the choice of an appropriate variance model is limited. Furthermore, the limited sample size available in most studies of early life stages serves only to increase the uncertainty of estimates of age-dependent variance.
As an alternative, we propose the use of nonparametric local density estimators to describe the change in variability in larval state (i.e. length, growth, feeding) with age (Davison and Hinkley, 1997) . Details of the approach are outlined by Pepin et al. (1999) . Briefly, the method provides a locally weighted estimate of the cumulative probability distribution (CDF) of observations as a function of a covariate x (such as length or age) and surrounding observations using kernel smoothing. In our analysis, the weighting function
, where d¼ j x i -x j/b, and b is a bandwidth parameter which describes how far "local" extends. The value of b is chosen by cross-validation: we delete each observation in turn, use the rest of the data to predict it, compute the sum of squared differences of the residuals for all observations, and then choose the value of b that minimizes this sum. In our application, we specified b as 2.5 days to achieve a relatively smooth change in the CDF of variables in relation to age. The advantage of this approach over generalized linear models is that (i) it makes no assumptions about the underlying age-dependency of the variance structure, and (ii) the state of each individual can be described in terms of its age-dependent percentile score, thereby standardizing all observations over a uniform distribution from 0 to 1.
We first established that length and otolith growth (OG) were closely related and did not demonstrate evidence of possible growth-dependent decoupling (Folkvord et al., 2000) . Subsequent analyses consisted of contrasting percentile scores of length-at-age (P(length j age)) with prey volume-at-age (P(volume j age)), prey number-at-age (P(number j age)), mean log e -transformed prey width (P(mean j age)) and SD in prey width (P(SD j age)) using regression analysis. Increment widths were not converted to percentile scores because subsequent analyses were based on the correlation of P(length j age), P(volume j age) and P(mean j age) with growth estimates from individual increment numbers (i.e. ages). Individual growth patterns were investigated using forward-lag autocorrelation analy-
, where x i and x j are the increment widths at ages i and j where j.i).
R E S U LT S
Larvae sampled during this study ranged in age from 1 to 38 days. Length increased monotonically with age, showing some evidence of a slightly sigmoid relationship across all percentiles of the distribution (Fig. 1a) . The scatter (i.e. the difference between the 10th and 90th percentiles of the distribution) increased from 2.5 mm in the youngest larvae to 5.5 mm in 20-day-old larvae after which the scatter decreased to $4 mm in older individuals. The average linear growth rate, based on regression analysis of the age-length relationship, was 0.42 mm d
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. Only 5 of the 197 larvae used in this analysis had empty stomachs. Of these, two were between 25 and 30 days old. Overall, the volume of prey in the stomachs of larval shanny increased non-linearly with age (Fig. 1b) . The scatter relative to the median was relatively constant, ranging from 1.8 to 3, with an overall average of 2.5 and no evidence of any consistent pattern of variation with age despite a slight increase in larvae older than 12 days. The number of prey per stomach also increased with age, and may have reached a plateau in older larvae, with limited change in the median number of prey per individual in larvae older than 25 days (Fig. 1c) . Larvae ,13 days old fed predominantly on copepod nauplii but the proportion of nauplii in the diet decreased in older larvae (Fig. 2) . The relative contribution of copepodites in the diet of radiated shanny increased from hatch until 13-18 days of age, after which adult copepods became the predominant prey item (Fig. 2) . There was also a notable increase in the relative importance of other prey items in the diet as larvae aged.
Our next step was to determine whether the OG (otolith radius minus hatch check radius) was closely related to larval length to assess whether there was any evidence that growth in the two metrics might be decoupled. Folkvord et al. (2000) showed evidence that larval herring (Clupea harengus) exposed to very low prey densities demonstrated evidence of decoupling between otolith and body growth. To address this issue, we first estimated a linear relationship of length-at-age (L-A). We then modelled OG in relation to larval length using log e -transformations of both variables because of increasing variability in the former with increasing length (OG-L) (Fig. 3) . If there is evidence of decoupling in OG, the residuals of the OG-L relationship should be significantly different in individuals with high and low growth rates (residuals from L-A). We tested this hypothesis in two ways. First, a two-tailed t-test (equal variances) revealed that residual OG-L was not significantly different between individuals with positive Fig. 1 . Age-dependent (a) length, (b) prey volume and (c) number of prey items per stomach of U. subbifurcata larvae from Trinity Bay. Lines represent the 10th, 30th, 50th (median), 70th and 90th of the cumulative probability distribution (CDF) estimated using the non-parametric local density estimator. versus negative residuals L-A (t ¼ 1.67, P ¼ 0.097, n R-¼ 107, n Rþ ¼ 89). Second, residuals from both relationships are independent (r ¼ 0.056, P . 0.5) (Fig. 3) . Both analyses indicate that growth in length and OG are closely coupled.
The growth trajectories of individual larvae demonstrated strong autocorrelation, with values in excess of the e-folding scale (r ¼ 0.368) for nearly 9 days (Fig. 4) . The decrease in autocorrelation in older larvae was caused partly by increased measurement error of increment width towards the periphery of the otoliths, particularly in older individuals, as well as a decreasing sample size from which to estimate the autocorrelation. These results indicate that individual growth rates estimated from otoliths integrate processes that have been ongoing for a significant portion of an individual's life ($9 days prior to capture).
There were weak positive relationships between the percentile score of length (P(length j age)) and that of the volume of prey in stomachs (P(volume j age)) (Y ¼ 0.33 þ 0.32X; F ¼ 16.5, r ¼ 0.28, n ¼ 197, P , 0.001) and the number of prey per stomach (P(number j age)) (Y ¼ 0.32 þ 0.29; F ¼ 11.8, r ¼ 0.24, n ¼ 197, P , 0.001) (Fig. 5) , which were independent of larval age. Overall, individuals that were larger in size for a given age were more likely to have both a larger volume and a larger number of prey in their stomachs than individuals that were smaller in size for a given age. There was also a positive relationship between P(length j age) and P(volume j age) with individual growth histories, as measured by otolith increment widths (Fig. 6) . Correlations between individual P(length j age) and individual increment width generally ranged from 0.4 to 0.6 although the pattern became more variable at older ages because of limited sample size (Fig. 6a) . The correlation between P(volume j age) and increment width was not as strong (r$0.2) partly because we would expect stomach fullness to show greater variability among individuals than would length-at-age (Fig. 6a) . However, there was strong age-dependence in the pattern of association between both P(length j age) and P(volume j age) with growth histories. In individuals ,19 days old at capture, the correlation between P(length j age) and increment widths was generally Fig. 2 . Relative diet composition of U. subbifurcata larvae for five age classes. Prey consist of the naupliar, immature and adult copepodites stages of crustacean zooplankton, and a general category consisting of "other" prey types. ,0.4 and tended to decrease with increment number, whereas the correlation was generally stronger (r$0.4 -0.8) in individuals older than 18 days at capture. Again, the decreasing sample size in older larvae led to greater variability (Fig. 6b) . The age-dependency in the association of stomach fullness (P(volume j age)) with growth history was more pronounced than was that of length, with the youngest and older individuals showing a positive association between the variables but the intermediate (age 13-18 days) and the oldest individuals (age .24 days) showing decreasing association between P(volume j age) and increment width with increasing age (Fig. 6c) .
The average (log e -transformed) prey width increased with age, as did niche breadth (SD of prey width) (Fig. 7) . The percentile score of mean prey size-at-age (r ¼ 0.11, P . 0.1) (Fig. 8a) and SD of prey size-at-age (r ¼ 0.02, P . 0.5) (Fig. 8b) were not significantly correlated with the percentile score of length-at-age (P(length j age)). The lack of significant relationships in either of these instances indicates that larvae that were larger-at-age did not appear to prey on either larger or more diverse prey sizes relative to individuals that were relatively smaller at age. Despite the lack of association of these summary statistics with length-at-age, mean prey width showed considerable correlation with increment width, increasing for 0.2-0.4 over the first two weeks of life (Fig. 8c) , suggesting that the pattern of prey selection by larval radiated shanny may be a reflection of acquired behaviour or experience.
D I S C U S S I O N
One reason why larger size-at-age and faster growth rates are believed to increase an individual's survival probability is that, in addition to being better able to avoid predators, such individuals are also held to be better foragers (Miller et al., 1992) . Because food limitation remains a key factor presumed to regulate larval growth (Leggett and Deblois, 1994) , any relative increase in foraging ability should therefore confer a survival advantage. However, as far as we are aware, our results represent the first time that length-at-age and otolith-based measures of larval growth rate have been directly compared to the distribution of feeding success among those same individuals.
There are several reasons for this gap in our knowledge. Logistically, removing both the gut and otoliths from an individual larva is quite challenging, especially when the larva in question may be only a few millimetres in length or have become shrunken and contorted following preservation. Second, processing of ethanol preserved plankton samples is often time consuming and costly. Finally, although studies of larval feeding and growth both have a rich tradition in fisheries oceanography, the motivation for such studies is often quite different. In terms of feeding ecology, researchers have tended to focus on spatiotemporal Fig. 6 . Correlation of increment width with (a) percentile score of length-at-age and prey volume-at-age for all data, and for age class-specific (b) length-at-age and (c) prey volume-at-age. patterns in either feeding incidence (i.e. the proportion of larvae with food in their guts), or the composition of larval diets (McLaren et al., 1998; Heath and Lough, 2007) , or on documenting ontogenetic shifts in diet (Arrhenius and Hansson, 1993; Marks and Conover, 1993) . In contrast, studies of larval growth have tended to examine how spatiotemporal shifts in various environmental factors, most commonly temperature, can affect larval growth rates, often under laboratory conditions (Laurence, 1978; Houde, 1989; Otterlei et al., 1999) .
Interestingly, there exist numerous field studies in which larval growth or survival has been correlated with food availability (Bailey et al., 1995; Gaughan et al., 2001; Takasuka and Aoki, 2006; Zenitani et al., 2007) . However, in most such cases the only data collected from the individual larvae are their length-at-age and/ or their otolith-based growth trajectories. Rather than quantifying variations in feeding success by examining gut contents directly, food availability is usually estimated via some proxy measure of total zooplankton abundance (Takahashi and Watanabe, 2005; Zenitani Fig. 7 . Age-dependent distribution of (a) mean and (b) SD of (log e -transformed) prey width (mm) for individual U. subbifurcata larvae. Lines represent the 10th, 30th, 50th (median), 70th and 90th of the cumulative probability distribution (CDF) estimated using the non-parametric local density estimator. et al., 2007) . Not only does this introduce considerable mismatch between the scale at which the prey field is characterized and the scale at which individual larvae experience variations in prey availability (Pepin, 2004) , it also assumes that all larvae are equal, insofar that what is often reported is the correlation between the mean individual growth rate of the population and the mean prey concentration. This may explain, in part, why the nature of the linkage between variability in prey availability and larval growth and survival still remains unclear.
When plotted as age-dependent CDFs (Fig. 1) , we find that scatter in the (i) length-at-age, (ii) volume of food and (iii) number of prey items in the guts of U. subbifurcata larvae all increase with age ( Fig. 1) . This is hardly unexpected, however, because the former represents the temporal integration of individual growth trajectories (among which we expect the variability to increase through time), while the latter two reflect an individual's immediate foraging success, factors for which the scope for variability should also increase as "good" and "poor" foragers begin to emerge as the larvae grow. In terms of diet composition (Fig. 2) , the youngest larvae feed primarily on copepod nauplii, before shifting progressively to copepodites and adult copepods as they age. Of particular note is the increase in diet breadth that becomes more pronounced in the 13-18-day-old age-class.
In terms of the concept that bigger is better, our results indicate that there is indeed an effect of both length-at-age and growth rate on foraging success. Length-at-age was positively correlated to both the total volume of food and the number of prey items in the guts of the larvae. Thus, individuals that were larger in size for a given age were more likely to have a larger volume of prey, and a larger number of prey in their stomachs, than were individuals that were smaller in size for a given age. Growth rate (i.e. otolith increment width) was also positively correlated to the volume of prey per gut. However, unlike the length-at-age, the effect of growth rate is clearly age-dependent: larvae ,12 days old and those between 18 and 24 days showed a positive association between increment widths and prey volumes, while those between 13 and 18 days and .24 days showed a negative trend (Fig. 6c) . It must also be noted that, although statistically significant (P , 0.001), the effects of length-at-age and growth rate on individual foraging success were both rather weak (r ¼ 0.3 and 0.2, respectively). Nevertheless, there are at least three reasons to suspect that these effects are biologically significant.
First, there is the nature of the metrics being compared: whereas otolith increment widths and length-at-age Fig. 8 . Percentile score of (a) age-dependent mean prey width, (b) SD in relation to percentile score of length-at-age and (c) correlation between increment width and percentile score of mean prey width-at-age. represent the integration of an individual's environmental history and metabolism over the previous several days, the amount of food in the gut at the time of capture is a snapshot proxy of that individual's foraging ability. The timeaveraging metric of growth is likely to have a moderately slow response to changes in prey availability and/or encounter rates, whereas gut contents provide an instantaneous realization of what each individual was able to achieve just prior to the time of sampling. That there is any consistent pattern of correlation between the variables is a good indication of an implicit link to individual foraging ability.
Second, the inherent variability in both processes differs significantly. Measurement of increment widths is subject to a certain degree of uncertainty due to operator error and the interpretation of where the margin of each ring lies on the image (Pepin et al., 2001) . The degree of serial correlation suggests that the process of ring formation has a degree of randomness but that the overall physiological process is a continuous one. In contrast, gut contents are the result of three stochastic processes: encounter, attack and capture. The distribution of stomach contents is typically skewed to the right, with a minority of individuals achieving high overall success rates whereas most individuals will not be as lucky on any given day. Thus, despite the use of the percentile score to describe the state of each individual's feeding success, day-to-day variability in prey -predator interactions will introduce considerable variability in the relationship between growth and ingestion metrics. Consequently, the serial association between growth and stomach fullness suggests that longand short-term measures of individual success accurately reflect the larva's overall ability. This conclusion contrasts Fuiman et al.'s (2005) findings that growth rates and several metrics of behavioural performance measured under laboratory settings were not significantly different among individual red drum (Sciaenops ocellatus) larvae with high and low growth rates. Neither routine measures of activity, which could relate to encounter rates with prey, nor measures of predator evasiveness differed among larvae with different growth rates but there were significant differences among batches, which they argued could reflect variations in initial offspring quality. Laboratory reared larvae can differ from field caught larvae because the selective pressures that exist in nature are absent in the former's environment. Greater variability in the environmental conditions, coupled with species interactions in a setting where predation is such a dominant regulatory process, are likely to influence individual characteristics and survival relative to controlled experimental settings.
Third, although this study is the first to compare gut contents and otolith-based growth records from the same individual larvae, our interpretation is premised on the assumption that all prey are of equal value in terms of food quality. It is possible that the decline in correlation between prey volume and growth in the 13-18-day age class may have resulted from the ontogenetic dietary shift that occurs during this period. Specifically, because the caloric content and food quality represented by different prey sizes/species has been shown to affect larval growth (St. John et al., 2001) , it is possible that as they expand the range of prey that they consume, two individuals in this age-class could consume the same total prey volume, but derive very different nutritional benefits (and different effects on growth) from that food, depending on which particular prey items each ingested. Future studies should thus aim to better quantify the relative food quality (such as the caloric content and essential fatty acid composition) represented by different prey types.
In addition to providing evidence that large size-at-age and faster growth rates correspond to increased foraging success, our data also reveal some interesting observations on larval foraging behaviour. The association of stomach fullness (P(volume j age)) with growth history showed considerable agedependency (Fig. 6c) . One explanation for the decrease in correlation between P(volume j age) and increment width observed in the intermediate aged larvae (13 -18 days) could be the increased diversity of prey types that begin to appear in the diet around that time (Fig. 2) . This ontogenetic shift could thus have the effect of increasing the variability in individual feeding success as larvae learn to attack different prey types; shifting primarily from nauplii during early development to copepodites and adult copepods as they get larger (Fig. 2) . The decreased correlation between P(volume j age) and increment width in the oldest age-class could result from behavioural changes associated with metamorphosis, as individuals prepare to leave the plankton and to settle out as benthic juveniles (Thorisson, 1994) . It is conceivable that this pattern could also result from a selective-survival process, whereby the fastest growing individuals (which, under the bigger-is-better hypothesis, should have a higher survival rate) display reduced growth variability than in the younger age-classes. However, when we consider all the information that we have collected on this species, otolith microstructure does not indicate a substantial reduction in growth rate variability among older individuals in the cohort (e.g. Fig. 4 in Pepin, 2004 ). Although we cannot entirely rule out size-selective survival, it would be too speculative to suggest that the variability in growth is insufficient to cause the absence of a relationship with prey volume. Because of the small sample size in this study, it is not possible to address this issue any further with the current data.
Not surprisingly, the average width of prey consumed by Ulvaria larvae increased with age, as did niche breadth when defined as the SD of prey width (Fig. 7) . Similar results have been observed elsewhere (Pepin and Penney, 1997) . However, the fact that neither the size of prey consumed nor the niche breadth were correlated with the percentile scores of length-at-age (Fig. 8) is interesting when viewed from the perspective of "bigger is better" and optimal foraging theory. The lack of significant relationships in either of these instances indicates that although, on average, larvae that were large-at-age contained more prey in their guts, they did not appear to prey on either larger or more diverse prey sizes relative to individuals that were small-at-age. If individuals that are large-at-age or faster growers really are better foragers, one might have predicted that they would consume either fewer (but larger) prey, or that they would prey upon a broader range of prey sizes.
Optimal foraging considerations would predict that individuals should try to minimize the time spent foraging in order to reduce both (i) energy expenditures and (ii) encounters with predators (Sih, 1980) . One effective way to accomplish this is to ingest fewer, but larger, prey. However, our data do not suggest this to be the case for individual Ulvaria larvae which are large-at-age. Instead, they consume more prey of the same size, implying that they either spend more time foraging, presumably thereby burning more energy and increasing their encounter rate with predators, or that they have greater capture success when they encounter prey. There is some evidence to suggest that the latter may be occurring. Despite the lack of association of mean prey size or niche breadth with length-at-age, mean prey width showed considerable correlation with increment width, increasing from 0.2 to 0.4 over the first two weeks of life (Fig. 8c) , suggesting that the pattern of prey selection may be a reflection of acquired behaviour or experience in Ulvaria larvae. Although it has been suggested that the behaviour of larval fish corresponds to optimal foraging theory through their association with preferred prey (Fortier and Harris, 1989) , there exists no evidence that prey selection by individual larvae in the field reflects that animal's ability to acquire foraging skills. That the pattern of prey selection among individuals shows a degree of association with growth histories comparable to that of length-at-age with increment widths suggests that otolith microstructure may be a metric of more than purely physiological processes and outcomes. Behavioural modelling of larval dynamics, such as individual-based models (Cowan et al., 1996; Letcher and Rice, 1997) has generally assumed that an individual's success is the result of rapid growth, large size and a considerable degree of luck in a series of stochastic processes. The association between prey selection and growth histories suggests that fast growers may also be good foragers.
The results of our study are consistent with the general concept that individuals that are larger and grow faster are better foragers than larvae that are smaller and grow more slowly. Thus, a longstanding assumption in larval fish ecology appears to have been verified. However, it must be stated that all of the relationships that we describe are relatively weak, even between metrics which might be expected to show a good degree of correspondence (such as length-at-age and daily increment widths). The lack of any strong correspondence when dealing with metrics such as length-at-age and growth histories may reflect the uncertainty associated with the measurements of length on preserved specimens and otoliths (Pepin et al., , 2001 , and the impossibility of making accurate error corrections at the level of the individual. In addition, the high degree of variability in the probabilities of encounter, attack and capture of prey will add further uncertainty in identifying the link between feeding, growth and the resultant body size at the level of the individual. Although not measured in the present study, there exists a suite of biochemical metrics such as RNA:DNA ratios, or the concentrations of trypsin, lactate dehydrogenase or citrate synthase, which have been used as condition indices in larval fish (Ferron and Leggett, 1994; Theilacker et al., 1996; Pepin et al., 1999; Catalán et al., 2007; Chícharo and Chícharo, 2008) . To determine whether the relationships revealed in this study represent a fundamental link between feeding success, growth rate and individual survival probabilities, it would be very informative to see whether similar relationships also exist between feeding success and these various biochemical condition indices.
That our samples were collected under the highest prey densities that we have ever encountered in coastal Newfoundland may also have reduced the contrast among individuals, because fewer individuals may have been subjected to suboptimal conditions. All of these factors point to the challenge of establishing a comprehensive understanding of the mechanisms that affect the dynamics of larval fish. The basic principles of foraging ecology are certainly applicable, but the degree of stochasticity in environmental conditions, and in the measurements that we perform on individual fish larvae, may limit our ability to develop predictive capabilities when it comes to the subtleties that may govern success during the early life history of fish.
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